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(54) Real time correlation meter for audience estimation 



(57) A correlation meter is disclosed for determining 
tuning status of a tunable receiver (38). The correlation 
meter receives an output of the tunable receiver, such as 
an acoustic audio output of the tunable receiver. An ana- 
log to digital converter (102) converts the output of the 
tunable receiver to a digital sample side representation. 
An antenna (16) or other signal collector receives refer- 



ence side representations corresponding to channels to 
which the tunable receiver may be tuned. The congelation 
meter correlates the digital sample side representation 
and the reference side representations as the reference 
side represenations are received by the con'elation 
meter in order to determine the tuning status of the tun- 
able receiver (38). 
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Description 

Technical Field of the Invention 

The present invention relates generally to a meter 
for monitoring a tunable receiver, and more particularly 
to a real time correlation meter which determines the tun- 
ing status of a tunable receiver by conelating, substan- 
tially in real time, a sample side representation of an 
output of the tunable receiver and reference side repre- 
sentations supplied by a remote source of reference side 
representations. 

Background of the Invention 

Television and/or radio programs are currentiy trans- 
mitted over the air, over cables, by way of satellites, 
and/or the like. Regardless of how television and/or radio 
programs are transmitted to customers, there is a desire 
to determine the audience of such programs. Thus, tel- 
evision and/or radio receivers are currently metered by 
existing channel meters in order to determine the chan- 
nels to which such receivers are tuned by statistically 
selected panelists. This channel information is used, at 
least In part to assemble television and/or radio rating 
reports. Such rating reports typically provide information 
such as each program's share, or percentage, of the tel< 
evision and/or radio audience during the time that the 
corresponding program was transmitted. 

Audience rating information is potentially useful in a 
wkje variety of areas. Advertisers may wish to use audi- 
ence rating Information in order to determine an appro- 
priate cost for the channel time which they purchase for 
advertising tiieir products. Broadcasters, such as net- 
work broadcasters, independent broadcasters, cable 
operators, and tiie like, may wish to use audience rating 
information as a factor in determining the amount which 
they should charge for the channel time which is to be 
purchased by advertisers or as a factor in making pro- 
gram selection and scheduling decisions. Performers 
may wish to use audience rating information in helping 
them to determine reasonable compensation for tiieir 
performances or to determine residuals which they may 
be owed for past performances. 

Several different methodologies are employed in 
order to acquire audience rating information, in one such 
methodology, diaries are manually maintained by pan- 
elists. Thus, the panelists are required to enter into the 
diaries tiie programs to which they tune their receivers. 
Diaries, however, present a number of problems. For 
example, panelists may forget on occasion to enter tiieir 
program selections into their diaries. Also, diaries are 
manually distributed by the ratings company, manually 
maintained by the panelists to which they are distributed, 
and manually retrieved by the ratings company so that 
the data contained therein may be analyzed in order to 
derive audience rating information ttierefrom. This man- 
ual process is time consuming and labor intensive. More- 
over, it is often necessary to provide audience rating 



infonnation on the day of, or tiie day following, the trans- 
mission of a program to end users. The diary methodol- 
ogy is an impediment to such a rapid turnaround time. 
In another methodology, an audience meter is phys- 

5 ically connected to a receiver to be metered. The audi- 
ence meter automatically determines the channel to 
which the metered receiver is tuned. The audience meter 
also typically includes a set of switches each of which is 
assigned to an individual panelist of a selected house- 

70 hold. The switches are operated by the panelists of the 
selected household in order to signal the audience meter 
that the panelists of the selected household have 
become active members of the audience. Accordingly, 
the audience meter not only provides information identi- 

15 tying the channels to which the metered receiver is 
tuned, but also provides information relating to tiie demo- 
graphics of the audience. 

This audience meter works reasonably well since it 
reduces tiie active participation of the panelists in the 

20 metering process. This audience meter also works rea- 
sonably well since the data stored by the audience meter 
may be electronically retrieved. Because tiie data is elec- 
tronically retrieved, tiie data may be retrieved more fre- 
quentty and easily than in the case of diaries. That is, tiie 

2s audience meter includes a modem connected to a trans- 
mission system, such as the public telephone system. 
Periodically, a ratings company instructs the audience 
meter to transmit its stored data to the ratings company. 
This transmission can be prompted as often as the rat- 

30 ings company desires. Thus, diaries need not be manu- 
ally distributed and retrieved, the panelists of the 
selected househokis are not required to manually enter 
program information into the diaries, and tuning and 
demographic data may be retrieved as frequently as is 

35 desired. 

However, such audience meters also have some 
problems associated witii them. For example, tiie 
sophisticated receiver equipment in use today makes tiie 
determination of actual channel numbers very difficult. 

40 This sophisticated receiver equipment may include a tel- 
eAslon which is ananged to receive programs distributed 
by satellites, cables, VCRs, and over-ttie-air antennae. 
Since at least some of these programs are passed to the 
television over a predetermined channel, such as chan- 

45 nelS, thedeterminationof tiieactual number of the chan- 
nel carrying the program being viewed is indeed very 
difficult. 

Furthermore, even when audience meters are able 
to accurately determine tiie actual channel numbers of 

50 the channels carrying the programs chosen by tiie 
selected panelists for reception, such audience meters 
determine only these channel numbers. These audience 
meters do not identify the programs chosen by the 
selected panelists for reception. In order to identify cho- 

55 sen programs based upon tiie channel information 
retrieved from tiie audience meters, a ratings company 
often stores program tables. These program tables iden- 
tify, by channel, date, and time, those programs which 
networks, cable operators, and the like, are expected to 
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distribute to their customers. Thus, by use of these pro- 
gram tables, programs may be determined based upon 
the channels to which the metered receivers are tuned. 

Because program tables have been typically assem- 
bled manually, and because program tables are assem- s 
bled from program schedule information usually 
acquired before the programs are actually transmitted, 
errors may arise if the program schedule is incorrectly 
entered and/or If the program schedule changes 
between the time that the program tables as entered and 10 
the time that the receivers are metered. Furthermore, 
there Is considerable labor involved in acquiring program 
schedule information and in assembling program tables 
from this information. 

Accordingly, program verification systems have is 
been devised in order to automatically determine the pro- 
grams which are actually transmitted to end users. Pro- 
gram verification systems typically involve either the 
detection of embedded program codes or the use of pat- 
tern matching. Embedded program codes uniquely iden- 20 
trfy the programs into which ttie program codes are 
embedded so that tiieir detection in a transmitted pro- 
gram may be used the verify which programs were trans- 
mitted, over which channels the programs were 
transmitted, and during which time slots the programs 2s 
were transmitted. In pattern matching, sample patterns 
(which may alternatively be refen^ed to as signatures) are 
extracted from each of tiie programs as they are trans- 
mitted during each time slot and over each channel. 
These sample patterns are correlated with reference pat- 30 
terns which were previously extracted from tiiose pro- 
grams. Matches then indicate which programs were 
transmitted during which time slots and over which chan- 
nels. This infornration may be used to electronically gen- 
erate a program table or may be used to simply verify 35 
that programs were transmitted. However, program ver- 
ification systems using embedded program codes have 
tiie problem that not all programs contain embedded pro- 
gram codes, and program verification systems using pat- 
tern matching have the problem tiiat they are e)(pensive 40 
to support. 

Moreover, current audience meters are physically 
connected to ttie tunable receivers that they meter. 
Therefore, such audience meters are incapat)ie of meter- 
ing receivers which are remote fromfixed locations of the 45 
selected panelists' tunable receivers. These locations 
are typically the homes of the selected panelists. Thus, 
if a selected panelist may be viewing, or listening to, a 
program being received by receiver which is located out- 
side of the selected panelist's home, such as at a sports 50 
bar, at the home of a friend, or in an automobile, the fact 
that the panelist is in the audience of a program to which 
a non-metered tunable receiver Is tuned will go unre- 
corded. The failure to record ttiis event distorts the audi- 
ence rating information ultimately generated relative to ss 
that program and the programs with which it competed. 

The present invention solves one or more of ttie 
above described problems. 



Summary of the Invention 

In a first aspect of the present invention, a correlation 
meter comprises first and second receivers and a corre- 
lator. The first receiver receives an output of a tunable 
receiver and provides a sample side representation. The 
sample side representation represents a pattern of ttie 
output of the tunable receiver. The second receiver 
receives a plurality of reference side representations 
from a remote source of reference side representations. 
The reference side representations represent a plurality 
of patterns corresponding to signals carried by a plurality 
of channels to which ttie tunable receiver may be tuned. 
Ihe correlator correlates the sample side representation 
and ti^e reference side representations substantially as 
the reference side representations are received by the 
second receiver in order to determine a tuning status of 
ttie tunable receiver. 

In anottier aspect of the present invention, a real 
time tunable receiver nfionitoring system comprises a 
first receiver for receiving a plurality of transmission sig- 
nals carried by a plurality of conresponding channels. 
The channels correspond to channels to which a tunable 
receiver may be tuned. An apparatus is coupled to ttie 
first receiver and generates a plurality of reference side 
representations based upon the transmission signals 
received by ttie first receiver. Each reference side repre- 
sentation represents a pattern of a con-esponding fans- 
mission signal. A transmitter is coupled to ttie apparatus 
and transmits tiie reference side representations. A sec- 
ond receiver receives the reference side representa- 
tions. A third receiver receives an output of a tunable 
receiver and provides a sample side representation of 
tiie output. The sample side representation represents 
a pattern of the output. A correlator is coupled to the sec- 
ond and third receivers and correlates ttie sample side 
representation and ttie reference side representations in 
order to thereby determine a tuning status of the tunable 
receiver. TTie reference side representations are conre- 
lated by ttie correlator to ttie sample side representation 
substantially in real time. 

In yet another aspect of the present invention, a port- 
able correlation meter comprises a microphone, an 
antenna, a receiver, and a processor. The miaophone 
is arranged to receive an acoustic audio output of a tun- 
able receiver, to transduce the acoustic audio output into 
an electtical signal, and to provide ttie electrical signal 
as a sample side representation. The antenna is 
arranged to receive a carrier which is modulated with ref- 
erence side representations of transmission signals to 
which the tunable receiver may be tuned. The receiver 
is coupled to the antenna and is arranged to demodulate 
ttie modulated earner in order to extract ttie reference 
side representations therefrom. The processor is cou- 
pled to ttie microphone and to the receiver, and is 
arranged to correlate ttie sample side representation and 
the reference side representations substantially as the 
reference side representations are received by the 
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antenna in order to determine a tuning status of the tun- 
able receiver 

In still another aspect of the present invention, a tun- 
able receiver monitoring system comprises a reference 
signature generator and a receiver monitor located 
remotely from one another. The reference signature gen- 
erator includes a reference signature extractor for 
extracting reference signatures from a plurality of corre- 
sponding channels. These channels correspond to 
channels to which a tunable receiver may be tuned. The 
reference signature generator also includes a reference 
signature transmitter for transmitting the reference sig- 
natures. The receiver monitor includes a reference sig- 
nature receiver for receiving the transmitted reference 
signatures from the reference signature transmitter. The 
receiver monitor also includes a saople signature 
extractor for extracting a sample signature from an output 
of a tunable receiver to be nfK)nitored. This output corre- 
sponds to a channel to which the tunable receiver Is 
tuned. The receiver monitor further includes a correlator 
coupled to the reference signature receiver and to the 
sanpte signature extractor. The correlator correlates the 
sample signature arrd the reference signatures substan- 
tially in real time in order to determine a tuning status of 
the tunable receiver. 

Brief Descript ion of the Drawing 

These and other features and advantages will 
become more apparent from a detailed consideration of 
the invention when taken in corqunction with the drawing 
in which: 

Rgure 1 illustrates a tunable receiver nrK)nitoring 
system which includes a plurality of portable real 
time correlation meters for determining the channels 
to which a plurality of tunable receivers are tuned; 
Figure 2 illustrates the reference side of the tunable 
receiver monitoring system shown in Figure 1 in 
additional detail; 

Figure 3 illustrates the sample side of the tunable 
receiver monitoring system of Rgure 1 in additional 
detail; 

Figure 4 illustrates a flow chart representing a com- 
puter program which may be executed by the digital 
signal processor (DSP) of Rgure 2; 
Figure 5 illustrates a flow chart representing a com- 
puter program which may be executed by the digital 
signal processor (DSP) of Figure 3; 
Figure 6 illustrates the correlation function per- 
formed by the digital signal processor (DSP) illus- 
trated in Figure 3; 

Rgure 7 illustrates a tunable receiver monitoring 
system which Includes a plurality of fixed location 
real time correlation meters fbr determining the 
channels to which a plurality of tunable receivers are 
tuned; and. 



Rgure 8 illustrates an alternative tunable receiver 
monitoring system according to the present inven- 
tion. 

5 Dgtaijgd D^riptipn 

The real time correlation meter of the present inven- 
tion may be embodied as a portable real time correlation 
meter, as a fixed location real time correlation meter, or 

10 the like. The real time correlation meter of the present 
invention embodied as a portable real time correlation 
meter is illustrated in Rgures 1-5. 

As shown in Figure 1 , a tunable receiver moratoring 
system 10 includes a plurality of portable real time cor- 

15 relation meters in the form of a plurality of portable real 
time correlation monitoring devices 12-1 through 12-N. 
Each of the real time correlation monitoring devices 12- 
1 through 1 2-N may be canied by a corresponding pan- 
elist of the audience to be measured. Each of the porta- 

20 ble real time correlation monitoring devices 12-1 through 
1 2-N may each include a battery, such as a rechargeable 
battery, for supplying power to the electronic circuitry 
thereof. 

TTie portable real time correlation monitoring device 

25 12-1 hasamicrophone14-1andarecelvingantenna16- 
1 . Similariy, the portable real time congelation monitoring 
device 12-2 has a microphone 14-2 and a receiving 
antenna 16-2. and the portable real time con-elation 
monitoring device 12-N has a microphone 14-N and a 

30 receiving antenna 1 6-N. The microphones 1 4-1 through 
14-N of the corresponding portable real time con^elation 
monitoring devices 12-1 through 12-N are arranged to 
acoustically detect the audio outputs of receivers and to 
transduce the audio outputs into corresponding electrical 

35 signals for processing by the electronic circuitry of the 
corresponding portable real time correlation monitoring 
devices 12-1 through 12-N. 

The portable real time correlation monitoring 
devices 12-1 through 12-N are canied on the persons of 

40 their corresponding panelists so that the portable real 
time correlation monitoring devices 12-1 through 12-N 
meter tunable receivers which are both within, and out- 
side of, the homes of the panelists. Thus, the portable 
real time conrelation monitoring devices 1 2-1 through 1 2- 

45 N meter tunable receivers when the panelists carrying 
the portable real time conrelation monitoring devices 12- 
1 through 12-N are close enough to be in the audience 
of the metered tunable receivers. That Is, the metered 
tunable receivers niay be inside or outside the panelists* 

so homes. 

As an example, the portable real time congelation 
monitoring device 12-1 is shown in Figure 1 as being 
presently in a location where its corresponding miao- 
phone 14-1 detects an acoustic audio output 18 from a 
55 tunable receiver 20 which can be metered by the porta- 
ble real time correlation monitoring device 12-1. The tun- 
able receiver 20 may be a television receiver, a radio 
receiver, and/or the like. The tunable receiver 20 includes 
a program selector 22 (i.e.. tuner) for selecting progran^. 
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and a speaker 24 for acoustically projecting the audio 
output of the selected program to an audience. In addi- 
tion to the portable real time correlation monitoring 
device 1 2-1 , the portable real time correlation monitoring 
device 1 2-2 may have been carried by its con'esponding 
panelist into a location where its microphone 14-2 can 
pick up the acoustic audio output 18 from the speaker 
24. The portable real time correlation monitoring device 
1 2-N is in a location where its corresponding microphone 
14-N can receive an acoustic audio output 26 from a tun- 
able receiver 28 to be metered. As in the case of the tun- 
able receiver 20, the tunable receiver 28 has a program 
selector 30 (i.e.. tuner) and a speaker 32. The program 
selector 30 selects a channel, and the speaker 32 trans- 
duces an electrical signal representing a program carried 
on the selected channel into the acoustic audio output 
26 so that the acoustic audio output 26 may be perceived 
by an audience. 

TTie program selectors 22 and 30 of the tunable 
receivers 20 and 28 may select from a plurality of trans- 
mission signals 34 which are transmitted by a plurality of 
program sources 36 over a corresponding plurality of 
channels. The plurality of program sources 36 may be, 
for example. AM radio stations for transmitting AM chan- 
nels, FM radio stations for transmitting FM channels, tel- 
evision stations for transmitting both VHF and UHF 
television channels, cable head-ends for transmitting 
cable channels, and/or the like. 

The plurality of transmission signals 34 transmitted 
by the plurality of program sources 36 are also received 
by a reference side processing system 38 which may 
comprise either a separate tuner for each of the channels 
over which the transmission signals 34 to be monitored 
are transmitted or a scanning tuner which can be con- 
trolled so that it tunes, in turn, to each of the plurality of 
channels over which the transmission signals 34 are 
transmitted by the plurality of program sources 36. 

Electrical signals representing the programs carried 
by the channels selected by the program selector 40 (i.e. , 
tuner) are supplied to a processing section 42 of the ref- 
erence side processing system 38. The processing sec- 
tion 42 sanples each of the electrical signals 
representing the programs earned by the channels 
selected by the program selector 40, filters the sanpled 
electrical signals to produce reference side representa- 
tions of the electrical signals corresponding to the pro- 
grams carried by the channels selected by the program 
selector 40. adds channel information to the reference 
side representations, and supplies the reference side 
representations in a time division multiplex format as a 
modulation signal to a modulator 44. If desired, program 
identification information may also be added to the ref- 
erence skJe representations. These reference side rep- 
resentations represent the patterns of the electrical 
signals con^esponding to the channels transmitted by 
program sources, and may be referred to as reference 
signatures. 

The modulator 44, for example, modulates an FM 
radio frequency sub-can'ier signal with the modulation 



waveforms received from the processing section 42. and 
supplies the modulated FM sub-carrier to a radio fre- 
quency transmitter 46. The radio frequency transmitter 
46 transmits the modulated radio frequency signal over 

5 the air by the use of a transmitti ng antenna 48. The trans- 
mitted modulated radio frequency signal may be 
detected by the receiving antennae 16-1 through 16-N 
of the corresponding portable real time correlation mon- 
itoring devices 12-1 through 12-N. Transmission media, 

w other than an FM radio frequency sub-canrier. may be 
used to transmit the reference side representations to 
the portable real time correlation monitoring devices 12- 
1 through 12-N. For example, television sidebands, cel- 
lular telephones, AM transmitters, microwave transmit- 

15 ters, satellites, prior or existing versions of the public 
telephone system, and/or the like may be used to trans- 
mit the reference side representations to the portable 
real time congelation monitoring devices 12-1 through 12- 
N. 

20 The portable real time congelation monitoring 
devices 12-1 through 12-N compare the reference side 
representations transmitted by the transmitting antenna 
48 to the sample side representations derived from the 
audio outputs of the tunable receivers 20 and 28. pro- 

25 vided that the portable real time correlation monitoring 
devices 12-1 through 12-N are close enough to the tun- 
able receivers 20 and 28 to detect their corresponding 
audio outputs. 

TTie reference side processing system 38 is shown 

30 in more detail in Figure 2. The program selector 40 
includes a tuner 50, which may be a scanning tuner and 
whk;h may be ananged to detect those of the plurality of 
transmisston signals 34 which are transmitted over the 
air to end users. The program selector 40 also includes 

35 a pair of tuners 52 and 54 each of which may be a scan- 
ning tuner and each of which receives an output from a 
coupler 56 which receives cable channels. The coupler 
56 couples all of the cable channels received over a cable 
58 to both of the tuners 52 and 54. The tuner 52 is 

40 aranged to select a first portion of the cable channels, 
and the tuner 54 is arranged to select a second portion 
of the cable channels. The number of tuners in the pro- 
gram selector 40 depends on the number of selectable 
channels and the capacity of each tuner. Thus, more 

45 than one tuner may be necessary if the number of cable 
channels and if the number of over-the-air channels to 
be monitored are beyond the capacity of a single scan- 
ning tuner. Also, tuners may be ananged to tune to chan- 
nels which are transmitted by way of other facilities such 

so as satellites, microwave transmitters, and the like. 

Furthermore, it is desirable to provide a reference 
side representation of each channel as often as possible 
in order to increase the resolution of the tunable receiver 
monitoring system 10. Thus, if a reference skJe repre- 
ss sentation is produced fbr each channel every second, for 
example, the tunable receiver monitoring system 10 can 
determine within one second when a panelist is receiving 
a program. Therefore, since each tuner may require set- 
tling time (i.e., time for the tuned signal to stabilize fol- 
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lowing tuning), it may be necessary to Increase the 
number of tuners In order to cyde through all of the pos- 
sible channels within a predetermined amount of time. 
Accordingly, the output of one tuner may be processed 
while the output of another tuner is settling. 

The tuner 50 supplies its output to a corresponding 
demodulator 60. the tuner 52 supplies its output to a cor- 
responding demodulator 62, and the tuner 54 supplies 
its output to a corresponding demodulator 64. The 
demodulators 60. 62, and 64 extract the audio signals, 
as well as the automatic fine tuning (AFT) and/or auto- 
matic gain control (AGC) signals, f romthe outputs of their 
corresponding tuners 50. 52, and 54. The demodulators 
60. 62, and 64 supply their corresponding audio, AFT. 
and AGC outputs to a multiplexer 66 which connects the 
outputs from the demodulators 60, 62. and 64, one at a 
time, to an analog to digital converter 68. The analog to 
digital converter 68 performs a sample and hold function, 
and converts the analog quantity received from the mul- 
tiplexer 66 to a corresponding digital quantity. 

The analog to digital converter 68 is connected to a 
digital signal processor (DSP) 70. The digital signal proc- 
essor 70 synchronizes the operation of the tuners 50, 52, 
and 54, as well as the multiplexer 66 and the analog to 
digital converter 68. Accordingly, the digital signal proc- 
essor 70 causes the tuners 50. 52. and 54 to select 
respective channels, and controls the multiplexer 66 to 
supply the denrKXiulated outputs of the tuners 50, 52. and 
54, in turn, to the analog to digital converter 68. The sam- 
ple and hold portion of the analog to digital converter 68 
samples and holds a current value of the channel signals 
supplied to it by the multiplexer 66. The sampling rate 
used by the analog to digital converter 68 is determined 
by system requirements, which may be based primarily 
on Nyquist criteria, Fourier transform algorithms, digital 
filter requirements, and/or the like. The analog to digital 
converter 68 may use, for example, a 8 KHz sample rate 
which produces a 4 KHz bandwidth. 

If desired, the multiplexer 66. under control of the 
digital signal processor 70, may read the AFT and AGC 
voltage levels from the demodulators 60, 62, and 64. 
Also, if the tuners 50. 52, and 54 are television tuners, 
the video signal supplied by the tuners 50, 52. and 54 
may be fed to a sync separator which extracts the vertical 
and horizontal sync pulses. The analog to digital con- 
verter 68 converts the corresponding outputs into digital 
signals so that the digital signal processor 70 can deter- 
mine the vertical and horizontal sync pulses in order to 
determine channel status and other operational and test 
conditions of the tuners 50. 52. and 54. 

The digital signal processor 70 may perform such 
processing functions as time sampling, signal condition- 
ing, signal processing, addition of Ibnfvard error correc- 
tion, signal formatting, and synchronization control of the 
tuners 50, 52, and 54, of the multiplexer 66, and of the 
analog to digital converter 68. The digital signal proces- 
sor 70 is also responsible for conditioning its output so 
that it may be properly used to nxxiulate a can-ier. Rnally, 
the digital signal processor 70 may add a channel stamp 



and/or a program identification stamp. Accordingly, the 
tunable receiver monitoring system 10 may have 
attributes of both active encoding and passive program 
and/or channel monitoring. 

5 The digital signal processor 70 supplies its output to 
a digital to analog converter 72. The digital to analog con- 
verter 72 converts the digital quantity supplied to it by the 
digital signal processor 70 into an analog waveform. This 
analog waveform is passed through a bandpass filter 74 

10 for isolation and safety reasons. The output of the band- 
pass filter 74 is supplied to a nrxxlulator 44. The modu- 
lator 44 also receives a carrier from a earner source 78. 
For example, the carrier source 78 may be an FM station 
which supplies its output, in the form of an FM sub-car- 

15 rier, to a lowpass filter 80 tuned to the sub-carrier used 
by the carrier source 78. The nxxJulation signal supplied 
by the bandpass filter 74 is summed by the modulator 44 
with the carrier from the lowpass filter 80. and the result- 
ing modulated signal is supplied to the radio frequency 

20 transnf^er 46 which causes the nxxjulator carrier to be 
transmitted over the air by the transmitting antenna 48. 

Accordingly, the reference side processing system 
38 captures analog snippets, in turn, of each channel to 
be monitored. Each analog snippet is converted to digital 

2S format, conditioned, and provided with a channel stanp 
of the channel corresponding to the digitized snippet 
and/or with a program identifier. The digitized snippet, 
with its channel stamp and/or program identifier, is then 
converted back to an analog waveform which is used as 

30 a modulation signal to modulate a carrier. The modulated 
carrier is then transmitted. The transmitted modulated 
carrier consequently includes a plurality of sequential 
representations of the signals can'ied over the channels 
to be metered. While these reference side representa- 

35 tions are shown herein as analog snippets, it should be 
understood that such representations might be instead 
quantized and transmitted in digital form, or they might 
be processed and transmitted as sets of analog or digital 
coefficients individually defining the electrical signals 

40 carried by the metered channels. 

One of the portable real time correlation monitoring 
devices 12-1 through 12-N. such as the portable real 
time con-elation monitoring device 1 2-1 , is shown in more 
detail in Figure 3. As shown in Figure 3. the portable real 

45 time correlation monitoring device 12-1 includes an 
audio amplifier 100 which amplifies the output of the 
microphone 1 4-1 and supplies this amplified output to an 
analog to digital converter 102. Accordingly, sound 
waves generated in the local area of the portable real 

so time correlation monitoring device 1 2-1 are received and 
transduced into electrical signals by the microphone 14- 
1 . These electrical signals are amplified to a level near 
to that of the reference side representations by use of 
the audio amplifier 100. 

55 The audio amplifier 1 00 may have an automatic gain 
control function. This automatic gain control function 
may provide an extended dynamic input range, and may 
be used to reduce or mask local non-receiver produced 
sound signals (considered here as noise) such as con- 



6 



11 



EP0703 683 A2 



12 



versation between members of the audience and other 
extraneous sounds. Such an amplifier control is common 
to speech processing used in cellular radio technology. 

The amplified output signal from the audio amplifier 
100 is converted to digital format by an analog to digital 
converter 102, and the amplified output signal in digital 
format is fed to a digital signal processor 104. The digi- 
tized and amplified signal supplied by the analog to dig- 
ital converter 1 02 to the digital signal processor 1 04 may 
be refenred to as a sample side representation which is 
derived from the audio output of a receiver being 
metered. The sample side representation represents the 
pattern of the acoustic sound waves that are received by 
the microphone 14-1 . and may altematively be referred 
to as a sample signature. 

The modulated carrier signal transmitted by the 
transmitting antenna 48 from the reference side process- 
ing system 38 Is received by the receiving antenna 16- 
1 . An FM receiver 1 06 (which may be a conventional FM 
receiver, for example) is connected to the receiving 
antenna 16-1, and demodulates the modulated earner in 
order to produce the baseband signals added to the car- 
rier by the modulator 44 of the reference side processing 
system 38. The FM receiver 106 may be a fixed tuner 
type, or the FM receiver 106 may be an automatic scan- 
ning tuner type which is capable of automatically finding, 
and locking onto, the appropriate carrier transmitted by 
the reference side processing system 38. 

Accordingly, the FM receiver 106 is tuned to select 
the carrier transmitted by the reference side processing 
system 38. A highpass filter 1 08 strips out the audio sig- 
nals contained in the signals received by the receiving 
antenna 16-1 to which the FM receiver 106 is tuned so 
that the FM receiver 1 06 and the highpass filter 1 08 pass 
only the analog form of the reference side representa- 
tions of the channels to be metered. 

An analog to digital converter 110 is connected 
between the highpass filter 108 and the digital signal 
processor 104. The analog to digital converter 110 con- 
verts the analog output of the highpass filter 108 into a 
digital signal for processing by the digital signal proces- 
sor 104. The digital signal processor 104 processes this 
digitized signal to account for, and/or correct, anomalies 
in the transmission channel. These anonf\alies may be 
caused, for example, by noise, fading, multipath and co- 
channel interference, and the like. 

The digitized, time multiplexed reference side repre- 
sentations may be delayed by a memory of the digital 
signal processor 104 because the modulated carrier, 
which contains the analog, time multiplexed reference 
side representations received by the receiving antenna 
1 6-1 . propagate at a faster rate (near the speed of light) 
than do the acoustic sound waves (speed of sound) that 
are received by the microphone 14-1 . The digital signal 
processa 104 correlates the digitized sample side rep- 
resentations received from the analog to digital converter 
102 to the digitized reference side representations sup- 
plied by the analog to digital converter 110. Thus, 
because of the delay imposed upon the reference side 



representations by the digital signal processor 104, this 
correlation function takes into account the difference in 
propagation speeds between the acoustic signals 
received by the microphone 14-1 and the electromag- 

5 netic signals received by the receiving antenna 16-1. 
The digital signal processor 70 may perfomi a com- 
puter program, such as the computer program 120. in 
order to control modulation of the cannier supplied by the 
carrier source 78. The computer program 120 is illus- 

10 trated in Figure 4, and includes a block of code 122 
whk;h, when the computer program 120 is entered, ini- 
tially sets a variable i equal to zero. A block 124 then 
Increments i by one, and a block 1 26 selects tuner; where 
i is initially equal to one. Thereafter, a block 128 sets a 

15 variable k to zero, and a block 130 increments the vari- 
able k by one. A block 1 32 then sets the tuner; to a chan- 
nel|( so that tuner; passes the electrical signal carried by 
channelk- For example, if the tuner 50 shown in Figure 2 
is the first tuner, i.e. tuner; where i is equal to one, the 

20 tuner 50 is controlled by the digital signal processor 70 
to tune to a first channel, i.e. channel^ where k Is equal 
to one. 

A block 134 causes the channel^ to be sampled. 
Thus, the digital signal processor 70 controls the multi- 

2S plexer 66 and the analog to digital converter 68 to convert 
the analog output of the tuner; con'esponding to channel)( 
Into a digital format. A block 1 36 processes the digitized 
signal of channelk by, for example, conditioning the sig- 
nal, adding fonward error connection, formatting, and add- 

30 ing a channel stamp corresponding to channel;^ A block 
138 sends the resulting digitized signal as a modulation 
signal to the remaining portbn of the reference side 
processing system 38 where the digitized signal is con- 
verted to an analog signal by the digital to analog con- 

35 verter 72. where the resulting analog signal is filtered by 
the bandpass filter 74. where the filtered analog signal 
is supplied to the modulator 44. where the carrier signal 
supplied by the towpass filter 80 is modulated in the mod- 
ulator 44 by the filtered analog signal, and where the 

40 modulated carrier is transmitted by the radio frequency 
transmitter 46 and the transmitting antenna 48. 

A block 1 40 then determines whether the variable k 
is equal to Knax the tuner;. If k is not equal to k^^ax' 
the computer program 120 returns to the block 130 

45 where k is incremented by one. Then, the block 1 32 then 
sets tunerj to the next channel to be processed. Accord- 
ingly, snippets of the signals candied over each channel 
to which tuner; may be tuned are time mult^exed and 
are used to modulate a carrier for transmission by the 

50 transmitting antenna 48. 

When tuner; is tuned to each of its channels which 
are to be nrK)nitored, i.e. the variable k is equal to kmax* 
a block 142 determines whether i is equal to i^ax- If ■ 
not equal to i^ax* the computer program 120 returns to 

55 the block 1 24 where i is incremented by one. The block 
126 selects the next tuner, the block 128 resets the var- 
iable k to zero, and the channels of the next tuner are 
processed by the blocks 130 - 140. When i is equal to 
imax* the computer program 120 ends, and is either 
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immediately reentered or reentered after a desired time 
delay. 

In order to determine the channel to which the 
source of the audio signal received by the microphone 
14-1 i8tuned,thedlgitaisignalproces8or104oftheport- s 
at)le real time correlation monitoring device 12-1 may 
execute a computer program such as a computer pro- 
gram 150 shewn in Rgure 5. When the computer pro- 
gram 150 is entered, a block 152 controls the automatic 
gain function of the audio amplifier 100 in order to amplify 
the electrical signal supplied by the microphone 14-1 to 
a level near that of the output of the FM receiver 1 06 and 
the highpass filter 108. A block 1 54 controls the analog 
to digital converter 102 in order to sample the output of 
the audio amplifier 100. This sampled output forms the 
sample side representation of the acoustic audio signal 
received by the microphone 14-1 . 

Similarly, a block 156 controls the analog to digital 
converter 1 1 0 to sample the output of the highpass filter 
108 and to convert this output to a digital fomiat. This 
sampled output forms the reference side representations 
received from the reference side processing system 38 
by way of the antenna 1 6-1 . A correlator block 1 58 cor- 
relates the sample side representation received from the 
anak}g to digital converter 1 02 to the reference side rep- 
resentations received from the analog to digital converter 
110. 

The conelator block 158 may implement any suita- 
ble correlation process. For example, the correlator block 
1 58 may implement zero crossing detection involving the 
matching of the zero crossing points of the signals to be 
coH'elated. A digital comparison may also be imple> 
mented by the coretator block 1 58 in order to compare 
digital representations of the signals to be correlated. As 
another example, the correlator block 158 may use Lin- 
ear Predictive Coding (LPC), which is a correlation 
method commonly used in speech analysis, or the cor- 
relator block 1 58 may use Short Time Spectral Analysis 
(STSA), which uses multi-rate signal processing tech- 
nk^ues to do specialized spectral analysis and which may 
be modified in known ways to form a sliding correlator. 
Multi-rate signal processing technKiues are currently 
used in digital filter banks, spectrum analysis, and many 
other digital signal processing algorithms. If desired, the 
con^elator block 158 may implement a plurality of such 
technkiiues in order to increase conf kJence in detected 
matches between the sample s\6e representation and 
the reference side representations. 

As discussed above, the propagation time of the 
radio frequency transmissions between the transmitting 
antenna 48 and the receiving antenna 16-1, and the 
propagation time of the acoustic sound transmission 
between the monitored tunable receiver and the micro- 
phone 14-1 , may likely not be the same. For example, if 
the reference side processing system 38 is located 10 
kilometers from the portable real time correlation moni- 
toring device 12-1 . and the monitored tunable receiver is 
located 4 meters from the portable real time correlation 
monitoring device 12-1, the radio frequency transmis- 



sions take approximately 33.3 microseconds to propa- 
gate between the transmitting antenna 48 and the 
receiving antenna 16-1, whereas the acoustic sound 
transmissions take approximately 12.0 milliseconds to 
propagate between the monitored tunable receiver and 
the microphone 1 4-1 of the portable real time con-elation 
monitoring device 12-1. 

If the difference between the propagation times of 
the radio frequency transmissions and of the acoustic 
sound transmission is fixed, a simple time delay may be 
used to delay the reference side representations suffi- 
ciently tfiat the reference skle representations are syn- 
chronized to tiie sample sk:le representations, i.e. that 
the reference side representations and the sample side 
representations, which are derived from the same sec- 
tion of audio, arrive at the correlator at the same time. 
Such may be the case when tiie real time con-elation 
meter of the present invention is embodied as a fixed 
location real time correlation meter. 

However, it is unlikely that the difference between 
the radio frequency transmission propagation time and 
the acoustic sound transmission propagation time is 
fixed, particularly where the real time conelation meter 
of tiie present invention is embodied as a portable real 
time con-elation meter. That is, although the propagation 
time of the radk> frequency tiBnsmissions between tiie 
transmitting antenna 48 and ttie receiving antenna 16-1 
does not appreciably change as the portable real time 
correlation monitoring device 1 2-1 is carried about by its 
corresponding panelist, the propagation time of the 
acoustic sound transmission between the monitored 
receiver and ttie microphone 14-1 can change signifi- 
cantly. For example, tiie propagation time of the acoustic 
sound transmission between the monitored receiver and 
ttie microphone 14-1 can vary from about 2.9 millisec- 
onds when there are three feet between the monitored 
receiver and tiie microphone 14-1 to about 23.3 millisec- 
onds when ttiere are 24 feet between ttie monitored 
receiver and the microphone 14-1, assuming standard 
pressure conditions at 20''C. 

Accordingly, if desired, adaptive time delay tech- 
niques may be employed in order to synchronize the ref- 
erence side representations to ttie sanple skie 
representations. Alternatively, a sliding correlation func- 
tion may be employed to account for the variations in ttie 
difference between ttie radio frequency transmission 
propagation time and the acoustic sound transmission 
propagation time. That is. ttie reference side represen- 
tations and tile sample side representations may be 
adjusted with respect to one another along a time axis 
in order to find the point of maximum correlation between 
ttiem. The resulting maximum correlation can ttien be 
compared to a tiireshoM in order to determine if ttiis cor- 
relation is suff icientiy large to infer a match between the 
reference side representations and ttie sanple side rep- 
resentations. Such sliding correlation functions are used 
in a wide variety of known systems, such as in spread 
spectrum systems. (Echo cancellation techniques may 
also be necessary on botti sides of tiie digital signal proc- 
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essor 104 to correct for multipath, reverberation, and 
other phenomena.) 

If a block 1 60 does not detect a match between the 
sample side representation and the reference side rep- 
resentations, the computer program 150 returns to the s 
block 152 for continued processing. If the block 160 
detects a match, a block 162 causes a match record to 
be stored in a memory 164 (see Figure 3) of the portable 
real time correlation monitoring device 12-1. This match 
record indicates the tuning status of a tunable receiver. io 
This tuning status may comprise (i) thedate of the match, 
or (ii) the time of the match, or (iii) the channel contained 
In the reference side representation that matched with 
the sample side representation, or (iv) the program iden- 
tification contained in the reference side representation is 
that matched with the sample side representation, or (v) 
any combination of the above or the like. Thus, if a pro- 
gram identification stamp is also included in the refer- 
ence side representation, the program identification 
stamp may also be stored in the memory 1 64 as part of 20 
the match record. After this match record is stored in the 
memory 164, the computer program 150 returns to the 
block 152 for continued processing. Furthermore, it is 
possible to compare match records in order to edit mis- 
coding of program identification stamps in the reference 25 
side representations, to compress data by eliminating 
duplicate data from corresponding match records, and 
the like. 

Periodically, the match records stored in the memory 
164 may be downloaded to a remote point, such as by so 
way of the public telephone system. 

Figure 6 graphically illustrates the correlation func- 
tion implemented by the correlator block 1 58 of Figure 5. 
Figure 6 uses some of the same reference numerals of 
Figure 2 in order to indicate corresponding elements. As 35 
shewn in Figure 6, six program sources are represented 
by the six audio portions 202, 204, 206, 208, 210, and 
212 resulting from demodulations of corresponding pro- 
gram source radio frequency transmissions. The multi- 
plexer 66, under control of the digital signal processor 40 
70, takes snippets 214, 216, 218. 220, 222. and 224 from 
the corresponding audio portions 202. 204, 206, 208, 
210, and 212 of the program source radio frequency 
transmissions. The output of the multiplexer 66 is con- 
verted to digital format by the analog to digital converter 4S 
68. processed by the digital signal processor 70, con- 
verted back to analog format by the digital to analog con- 
verter 72, filtered by the bandpass filter 74, and used to 
modulate the carrier supplied by the carrier source 78 
and the lowpass filter 80. 50 

As a consequence, a time division multiplex signal 
226 is transmitted by the reference side transmitter, com- 
prising the radio frequency transmitter 46 and the trans- 
mitting antenna 48, to the reference side receiver and 
processor, comprising the receiving antenna 16-1. the 55 
FM receiver 106. the highpass fitter 108. the analog to 
digital converter 110, and the digital signal processor 
104. 



The time division multiplexed signal 226 includes a 
plurality of reference side representations 228. 230. 232. 
234. 236. and 238 where the reference side representa- 
tion 228 corresponds to the snippet 214, the reference 
side representation 230 corresponds to the snippet 216, 
the reference side representation 232 corresponds to the 
snippet 218. the reference side representation 234 cor- 
responds to the snippet 220. the reference side repre- 
sentation 236 corresponds to the snippet 222. and the 
reference side representation 238 coresponds to tiie 
snippet 224. Accordingly, for any appropriate slice of 
time, a reference skfe representation 240 is presented 
to the con^elator block 158. 

In the snap shot of time shown in Rgure 6, the ref- 
erence side representation 240 conesponds to the ref- 
erence side representation 232 which, in turn, 
corresponds to the snippet 21 8 of the audio portion 206 
of one of tiie program source radio frequency transmis- 
sions. One time slice earlier, the reference side repre- 
sentation 240 corresponded to tiie reference side 
representation 234 which, in turn, corresponds to the 
snippet 220 of the audio portion 208 of one of the pro- 
gram source radio frequency transmission, whereas one 
time slice later, the reference side representation 240 will 
correspond to the reference side representation 230 
which, in turn, corresponds to the snippet 216 of the 
audio portion 204 of one of tiie program source radio fre- 
quency transmissions. 

By the same token, a program selector 242, which 
also receives the program source radio frequency trans- 
missions from which the audio portions 202, 204, 206. 
208, 210, and 212 may be derived, and which may cor- 
respond to one of the program selectors 22 or 30, selects 
a channel con^esponding to one of the program source 
radio frequency transmissions, and provides an output 
signal 244 which may be in the form of an acoustic audio 
output. This output signal 244 is sampled by the sample 
side receiver and processor, comprising the microphone 
14-1 , the audio amplifier 100. the analog to digital con- 
verter 102, and tiie digital signal processor 104, so that 
a sample side representation 246, which conesponds to 
a snippet 248 of the output signal 244, is presented to 
the correlator block 158. The conelator block 158 pro- 
duces a correlation between the reference side repre- 
sentation 240 and the sample skie representation 246. 
and this correlation is tested by the block 160 to deter- 
mine whether the reference skJe representation 240 and 
the sample side representation 246 match. 

As mentioned previously, because of variations in 
the difference between the radio frequency transmission 
propagation time and the acoustic sound transmission 
propagation time, proper matching of the reference side 
representation 240 to the sample side representation 
246 may require that these two representations be syn- 
chronized. Synchronization may be achieved, for exam- 
ple, by applying a sliding con'elation function to the 
reference side representation 240 and tiie sample side 
representation 246. That is, the conelator block 1 58 may 
adjust the reference side representation 240 and the 
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sample side representation 246 with respect to one 
another along a time axis to find the point of maximum 
correlation between them. The resulting maximum cor- 
relation can then be compared by the block 160 to a 
threshold in order to determine if this correlation is suffi- 
ciently large to Infer a match between the reference side 
representation 240 and the sample side representation 
246. The correlator block 158 may implement adaptive 
processing since, as long as the real time correlation 
device is in a non-moving state, the point of optimum cor- 
relation can be quickly learned and used to shorten the 
time of achieving maximum correlation. When the real 
time correlation device is again in a nfK>ving state, the 
time line may again be extended. 

The real time correlation meter of the present inven- 
tion embodied as a fixed location real time correlation 
meter is illustrated in Figure 7. As shown in Figure 7. a 
tunable receiver monitoring system 300 includes a fixed 
location real time correlation monitoring device 302. The 
real time correlation monitoring device 302 is fixed at a 
convenient location within a structure containing one or 
more tunable receivers to be monitored, such as tunable 
receivers 304-1 through 304-N. The fixed location real 
time correlation monitoring device 302 may be powered 
by electrical power from a wall outlet, a battery such as 
a rechargeable battery, and/or the like. 

The fixed location real time con'elation monitoring 
device 302 has one or more signal collectors 306, such 
as broadcast signal collectors 306-1 through 306-N. The 
signal collectors 306-1 through 306-N may be in the form 
of antennas, for example, which receive electromagnetic 
signals transmitted from the locations of the tunable 
receivers 304-1 through 304-N. The fixed location real 
time correlation monitoring device 302 also has a receiv- 
ing antenna 308 for receiving reference side represen- 
tations from a reference side processing system 310 
similar to the reference sMe processing system 38 
shown in Figures 1-6. 

The tunable receivers 304-1 through 304-N have 
conesponding antennae 312-1 through 312-N. These 
antennae 312-1 through 312-N may have conesponding 
tunable receiver output pick-ups 314-1 through 314-N to 
pick up corresponding outputs of the tunable receivers 
304-1 through 304-N. These outputs of the tunable 
receivers 304-1 through 304-N, as picked up by the cor- 
responding tunable receiver output pick-ups 314-1 
through 314-N, are mixed with con-esponding earners 
and are transmitted by the coresponding antennae 31 2- 
1 through 312-N. Accordingly, the fixed location real time 
congelation monitoring device 302 may remotely monitor 
the tunable receivers 304-1 through 304-N wherever the 
tunable receivers 304-1 through 304-N are tocated 
throughout a home. 

These tunable receiver output pick-ups 314-1 
through 314-N, for example, may be microphones to 
acoustically detect the audio outputs of the tunable 
receivers 304-1 through 304-N. If so, the tunable receiver 
output pick-ups 314-1 through 314-N transduce the 
audb outputs of their corresponding tunable receivers 



304-1 through 304-N Into corresponding electrical sig- 
nals for mixing with corresponding carriers and for trans- 
mission by the corresponding antennae 312-1 through 
312-N. Alternat'vely. the tunable receiver output pick-ups 

5 314-1 through 314-N may be photocell pick-ups for 
detecting the luminosities of televisions to be nwnitored. 
If so, the tunable receiver output pick-ups 314-1 through 
314-N transduce the video outputs of their con^espond- 
ing tunable receivers 304-1 through 304-N into corre- 

10 spending electrical signals for mixing with corresponding 
carriers and for transmission by the corresponding 
antennae 312-1 through 312-N. In a further alternative, 
the tunable receiver output pick-ups 314-1 through 314- 
N may be induction coils for detecting the appropriated 

75 electromagnetic fields generated by the receivers to be 
monitored. 

The fixed location real time correlation monitoring 
device 302 includes a plurality of receivers 31 6-1 through 
316-N each of which is connected to a corresponding 

20 signal collector 308-1 through 306-N and each of which 
is tuned to the carrier transmitted by a corresponding 
antenna 312-1 through 312-N. Each of the receivers 
316-1 through 316-N strips out its corresponding carrier 
and passes its corresponding baseband signal to a cor- 

zs responding zero-crossing con'elator 318-1 through 31 8- 
N. These baseband signals represent the sample skle 
representations of the programs to which their con^e- 
sponding tunable receivers 304-1 through 304-N are 
tuned. 

30 The fixed location real time correlation monitoring 
device 302 also includes a reference receiver 320 which 
is connected to the receiving antenna 308. The reference 
receiver 320 demodulates the modulated carrier trans- 
mitted by the reference side processing system 310 in 

35 order to pass the reference side representations in par- 
allel to the zero-crossing correlators 318-1 through 318- 
N. 

TTie zero-crossing correlators 318-1 through 318-N 
oonrelate the sample side representations from their cor- 

40 responding receivers 316-1 through 316-N to the refer- 
ence side representations supplied by the reference 
receiver 320. The zero-crossing correlators 318-1 
through 318-N may, for example, execute a computer 
program similar to the conrputer program 150 shown in 

45 Figure 5. If a match is detected by a zero-crossing cor- 
relator 318-1 through 318-N, a match record is transmit- 
ted to a home unit 322 of the fixed location real time 
con'elation monitoring device 302 where the match 
record is stored in a memory As described above, a 

50 match record indicates the tuning status of a tunable 
receiver. Tliis tuning status may conrprise (i) the date of 
the match, or (ii) the time of the match, or (iii) the channel 
contained in the reference side representatk)n that 
matched with the sample skle representation, or (iv) the 

55 program identification contained in the reference skle 
representation that matched with the sample side repre- 
sentation, or (v) any combination of the above or the like. 
Periodically the match records stored in the memory of 
the home unK 322 way be downloaded by the home unit 
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322 to a remote point, such as by way of the public tele- 
phone system. 

Certain modifications have been discussed above. 
For example, as described above, the receiving anten- 
nae 16-1 through 16-N and 308 of the corresponding 
portable and fixed location real time congelation monitor- 
ing devices 1 2- 1 through 1 2'N and 302 receive reference 
side representations by use of an FM radio frequency 
sub-carter It was also described above that transmis- 
sion media, other than an fM radio frequency sub-car- 
rier, may be used to transmit the reference side 
representations to the portable and fixed location real 
time correlation monitoring devices 12-1 through 12-N 
and 302. Thus, as shown in Figure 8, a correlation meter 
400 may be connected to a modem 402, for example, by 
an electrical connector 404 so that the correlation meter 
400 can receive reference side representations over car- 
rier lines such as telephone lines. Also, microwaves, 
cables, satellites, and/or the like may instead be used to 
transmit the reference side representations to a correla- 
tion meter. 

Other modifications will occur to those skilled in the 
art. For example, although each of the portable real time 
correlation monitoring devices 12-1 through 12-N has 
been shown with a corresponding microphone 14-1 
through 14-N to receive an audio signal from a tunable 
receiver, and although each of the tunable receiver out- 
put pick-ups 314-1 through 314-N has been described 
as either a microphone or a photocell, it should be appre- 
ciated that one or more of the microphones 1 4-1 through 
14-N, or one or more of the tunable receiver output pick- 
ups 314-1 through 314-N, could be replaced with elec- 
trical jacks 10 be plugged into corresponding audio 
and/or video jacks on the monitored tunable receivers. 
Thus, as shown in Figure 8, the con^elation meter 400 
may be connected to either an audio jack or a video jack 
of a tunable receiver 406 by an electrical connector 408. 
Accordingly, the correlation meter of the present inven- 
tion can receive the audio and/or video output of the 
receivers to be monitored by a direct electrical connec- 
tton. 

Furthermore, it should also be appreciated that, if 
televisions are to be monitored, either the audio or the 
video of the television may be used by the portable real 
time correlation monitoring devices 12-1 through 12-N. 
If video is to be used, then the portable real time corre- 
lation monitoring devices 12-1 through 12-N may be 
arranged to receive the video of the receivers to be mon- 
itored. In this case, the microphones 14-1 through 14-N 
may be replaced by photocell pickups for spatially aver- 
aging the time-varying luminosities of televisions to be 
monitored. TTie patterns of these spatially averaged 
time-varying luminosities of the televisions to be moni- 
tored are correlated to similarly derived reference pat- 
tems in order to detemiine the programs to which the 
monitored televisions are tuned. On the other hand, as 
discussed above, the microphones 14-1 through 14-N 
may be replaced by electrical jacks to be plugged into 
con^esponding video jacks on the television to be moni- 



tored. Accordingly, Instead of receiving the light outputs 
of the picture tubes of the televisions to be monitored, 
the portable real time correlation monitoring devices 12- 
1 through 1 2-N could receive the video of the televisions 

5 to be monitored by a direct electrical connection. 

Moreover, although a portable real time congelation 
meter and a fixed location real time correlation meter 
have been shown herein as separate devices, it should 
be apparent that a single real time carelation meter may 

10 double as both a portable real time correlation meter and 
a fixed location real timeconretation meter. For example, 
a real time correlation meter according to the present 
invention may have a base unit that it plugs into when 
the real time correlation meter is to be used as a fixed 

IS location real time correlation meter. Such a base unit 
may perform the functions of charging tiie battery of the 
real time correlation meter and of communicating with a 
home unit or other equipment. However, when the real 
time correlation unit Is to be used as a portable real time 

20 correlation meter, it is simply unplugged from Its base 
unit and carried by the panelist. 

On the other hand, a real time con^eiation meter 
which doubles as both a portable real time correlation 
meter and a fixed location real time correlation meter 

25 need not have a base unit. Instead, this real time conge- 
lation meter may plug directiy into a wall outiet in order 
to charge its own battery and may have internal commu- 
nications capability so tiiat rt can communicate directiy 
with a home unit or ottier equipment 

30 All such modifications are intended to be wittiin tiie 
scope of the present invention. 

Claims 

35 1 . A correlation meter comprising: 

first receiving means (14) for receiving an 
output of a tunable receiver (38) and for providing a 
sample side representation, wherein tiie sample 
side representation represents a pattern of the out- 

40 put of the tunable receiver (38) ; 

second receiving means (16) for receiving a 
plurality of reference side representations from a 
remoXe source (48) of reference side representa- 
tions, wherein tiie reference side representations 

45 represent a plurality of patterns corresponding to 
signals earned by a plurality of channels (34) to 
which tiie tunable receiver (38) may be tuned: and. 

corelating means (12) for corelating the 
sample side representation and tiie reference side 

so representations substantially as the reference side 
representations are received by the second receiv- 
ing means and for thereby determining a tuning sta- 
tus of the tunable receiver (38). 

55 2. The correlation meter of claim 1 wherein the refer- 
ence side representations are sequentially con-e- 
lated to tiie sample side representation substantially 
as the reference side representations are received 
by the second receiving means (16). 
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3. The correlation meter of claim 2 wherein the refer- 
ence side representations are time division multi- 
plexed (42). 

4. The correlation meter of claim 3 wherein the second 
receiving means comprises an antenna (16) for 
receiving a transmission from which the reference 
side representations can be extracted. 

5. The correlation meter of claim 2 wherein the refer- 
ence side representations are digital reference side 
representations, wherein the sample side represen- 
tation is a digital sample side representation, and 
wherein the correlating means (12) comprises 
processing means (104) for correlating the digital 
sample side representation and the digital reference 
side representations in order to determine the tuning 
status of the tunable receiver (38). 

6. The correlation meter of claim 2 wherein the corre- 
lation meter is a portable correlation meter (12). 

7. The correlation meter of claim 2 wherein the corre- 
lation meter is a f ixed location correlation meter. 

8. The con'elation meter of claim 2 wherein the output 
of the tunable receiver (38) is a video output, and 
wherein the first receiving means comprises means 
for receiving the video output of the tunable receiver 
(38). 

9. The correlation meter of daim 8 wherein the means 
for receiving the video output comprises a light 
receiving means for receiving light emitted by the 
tunable receiver (38). 

10. The correlation meter of daim 8 wherein the means 
for receiving the videooutput comprises an electrical 
connector for connecting a video output jack of the 
tunable receiver to the conrelation meter. 

11 . The correlation meter of daim 2 wherein the output 
of the tunable receiver (38) is an audio output, and 
wherein the first receiving means comprises means 
(14) for receiving the audio output of the tunable 
receiver (38). 

12. The correlation meter of daim 1 1 wherein the audio 
output is an acoustic output, and wherein the first 
receiving means comprises transdudng means (14) 
for transducing the acoustic output of the tunable 
receiver into an electrical signal. 

1 3. The correlation meter of claim 1 1 wherein the means 
for receiving the audio output comprises an electri- 
cal connector for connecting an audio output jack of 
the tunable receiver to the congelation meter. 



14. The con'elation meter of daim 1 1 wherein the sec- 
ond receiving means comprises an antenna (16) for 
receiving a transmission from which the reference 
side representations can be extracted. 

5 

1 5. A real time tunable receiver monitoring system com- 
prising: 

first means (42) for receiving a plurality of 
transmission signals carried by a plurality of corre- 
10 spending channels (34), wherein the channels cor- 
respond to channels to which a tunable receiver (38) 
may be tuned; 

second means (44) coupled to thefirst means 
for generating a plurality of reference side represen- 
ts tations based upon the transmission signals 
received by thefirst means (16). wherein each ref- 
erence side representation represents a pattern of 
a corresponding transmission signal; 

third means (46) coupled to the second 
20 means for transmitting the reference side represen- 
tations; 

fourth means (16) for receiving the reference 
side representations; 

fifth means (14) for receiving an output of a 
25 tunable receiver and for providing a sample side rep- 
resentation of the output wherein the sample side 
representation represents a pattern of the output; 
and, 

correlating means (12) coupled to the fourth 
30 and fifth means for con-elating the sample side rep- 
resentation and the reference side representations 
and for thereby determining a tuning status of the 
tunable receiver, wherein the reference side repre- 
sentations are conrelated by the correlating means 
35 to the sample side representation substantially in 
real time. 

16. The real time tunable receiver monitoring system of 
daim 15 wherein the reference side representations 

40 are sequentially conrelated to the sample side rep- 
resentation substantially as the reference side rep- 
resentations are received by the second receiving 
means. 

45 17. The real time tunable receiver monitoring system of 
daim 16 wherein the reference side representations 
are time division multiplexed (42). 

18. The real time tunable receiver monitoring system of 
50 daim 17 wherein the fourth means comprises an 

antenna (1 6) for receiving a transmission from which 
ttie reference side representations can be extracted. 

19. The real time tunable receiver monitoring system of 
55 daim 1 6 wherein the reference side representations 

are digital reference side representations, wherein 
the sample side representation Is a digital sarrple 
side representation, and wherein the conrelating 
means (12) comprises processing means (104) for 
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correlating the digital sample side representation 
and the digital reference side representations in 
order to determine the tuning status of the tunat}le 
receiver (38). 

20. TTie real time tunable receiver monitoring system of 
claim 1 6 wherein the fourth (16) and fifth (14) means 
and the correlating means comprises a portable cor- 
relation meter (12). 

21 . The real time tunable receiver monitoring system of 
claim 16 wherein the fouth (16) andfrfth(14) means 
and the conrelating means comprises a fixed loca- 
tion conrelation meter. 

22. The real time tunable receiver monitoring system of 
claim 16 wherein the output of the tunable receiver 
is a video output, and wherein the fifth means com- 
prises means for receiving the video output of the 
tunable receiver. 

23. The real time tunable receiver monitoring system of 
claim 22 wherein the means for receiving the video 
output comprises a light receiving means for receiv- 
ing light emitted by the tunable receiver. 

24. The real time tunable receiver monitoring system of 
claim 22 wherein the means for receiving the video 
output comprises an electrical connector for con- 
necting a video output jack of the tunable receiver to 
the correlation meter. 

25. The real time tunable receiver monitoring system of 
claim 16 wherein the output of the tunable receiver 
is an audio output, and wherein the fifth means com- 
prises means (14) for receiving the audio output of 
the tunable receiver. 

26. The real time tunable receiver monitoring system of 
claim 25 wherein the audio output is an acoustic out- 
put, and wherein the fifth means comprises trans- 
ducing means (14) for transducing the acoustic 
output of the tunable receiver into an electrical sig- 
nal. 

27. The real time tunable receiver monKoring system of 
claim 25 wherein the means for receiving the audio 
output comprises an electrical connector for con- 
necting an audio output jack of the tunable receiver 
to the correlation meter. 

28. The real time tunable receiver monitoring system of 
claim 25 wherein the fourth means comprises and 
antenna ( 1 6) for receiving a transmission from which 
the reference side representations can be extracted. 

29. The real time tunable receiver monitoring system of 
claim 16 wherein the first means comprises tuning 



means (40) for tuning to at least some of the chan- 
nels to which the tunable receiver may be tuned. 

30. The real time tunable receiver monitoring system of 
5 daim 29 wherein the third means comprises modu- 
lating means (44) for modulating a earner based 
upon the reference side representations. 

31. The real time tunable receiver monitoring system of 
10 daim 29 wherein the second means comprises dig- 
itizing means (68) for digitizing the transmission sig- 
nals received by the first means. 

32. The real time tunable receiver monitoring system of 
15 daim 31 wherein the second means comprises a 

processor (66) which is arranged to process the dig- 
itized transmission signals. 

33. The real time tunable receiver monitoring system of 
20 daim 31 wherein the second means comprises con- 
verting means (72) for converting the digitised and 
processed transmission signals into modulation sig- 
nals. 

25 34. The real time tunable receiver monitoring system of 
daim 33 wherein the third means comprises mixing 
means (44) for mixing the modulation signals with a 
carrier in order to modulate the earner. 

30 35. The real time tunable receiver monitoring system of 
daim 34 wherein tiie fourth means comprises 
demodulating means (60, 62, 64) for receiving the 
nmdulated earner and for denxxlulating the received 
nfKxJulated carrier in order to produce the reference 

35 side representations from the modulated can-ier. 

36. The real time tunable receiver monitoring system of 
daim 35 wherein the fourth means comprises 
means (106) for converting the denrxxJulated modu- 

40 lated carrier to digital reference side representa- 
tions. 

37. The real time tunable receiver monitoring system of 
daim 36 wherein the fifth means comprises means 

45 (1 02) for converting the output of a tunable receiver 
to a digital sample side representation. 

38. The real time tunable receiver nnonitoring system of 
daim 37 wherein the correlating means comprises 

50 a processor (1 04) which is arranged for correlating 
the digital sample side representation and the digital 
reference side representations in order to determine 
the tuning status of tiie tunable receiver. 

55 39. The real time tunable receiver monitoring system of 
daim 38 wherein the reference side representations 
are time division multiplexed (42). 
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40. The real time tunable receiver monitoring system of 
claim 39 wherein the third means comprises an 
antenna (48) which is arranged to transmit the mod- 
ulated carrier over the air. 

41 . The real time tunable receiver monitoring system of 
claim 40 wherein the fourth means comprises an 
antenna (16) which is arranged to receive the mod- 
ulated carrier transmitted by the third means. 

42. The real time tunable receiver monitoring system of 
claim 41 wherein the output of the monitored 
receiver Is an acoustic output, and wherein the fifth 
means comprises transducing means (1 4) for trans- 
ducing the acoustic oulput of the tunable receiver 
(38) into an electrical signal. 

43. The real time tunable receiver monitoring system of 
claim 42 wherein the electrical signal is a sample 
side analog electrical signal, and wherein the fifth 
means comprises means (102) for converting the 
sample side analog electrical signal to the digital 
sample side representation. 

44. A portable conelation meter comprising: 

a microphone (14), wherein the microphone 
is ananged to receive an acoustic audio output of a 
tunable receiver (38), wherein the microphone is 
arranged to transduce the acoustic audio output into 
an electrical signal, and wherein the microphone 
(14) is arranged to provide the electrical signal as a 
sample side representation; 

an antenna (16). v^erein the antenna is 
arranged to receive a carrier which is modulated (44) 
with reference side representations of transmission 
signals to which the tunable receiver (38) may be 
tuned; 

a receiver (106) coupled to the antenna, 
wherein the receiver Is arranged to denxxJulate the 
modulated carrier in order to extract the reference 
side representations therefrom; and, 

a processor (1 04) coupled to the microphone 
(14) and to the receiver (1 06), whereinthe processor 
(104) is arranged to con'elate the sample side rep- 
resentation and the reference side representations 
substrantially as the reference side representations 
are received by the antenna (16) in order to deter- 
mine a tuning status of the tunable receiver. 

45. The portable correlation meter of claim 44 wherein 
the microphone (14) includes an analog to digital 
converter (102). wherein the analog to digital con- 
verter (102) is arranged to convert the electrical sig- 
nal to a digital sample side representation, and 
wherein the processor (1 04) is arranged to correlate 
the digital sample side representation and the refer- 
ence side representations. 



46. The portable correlation meter of daim 45 wherein 
the processor (104) includes an analog to digital 
converter, wherein the analog to digital converter of 
the processor is arranged to produce digital refer- 
5 ence side representations, and wherein the proces- 
sor is arranged to corelate the digital sanple side 
representation and the digital reference side repre- 
sentations. 

10 47. TTie portable correlation meter of daim 44 wherein 
the processor (104) is arranged to sequentially cor- 
relate the reference side representations with the 
sample side representations substantially as the ref- 
erence side representations are received. 

15 

48. Atunat)le receiver monitoring system comprising: 
a reference signature generator (38) indud- 

ing 

reference signature extracting means (40) for 
20 extracting reference signatures from a plurality of 
corresponding channels (34), wherein the channels 
correspond to channels to which a tunable receiver 
(50) may be tuned, and 

reference signature transmitting means (46) 
25 for transmitting the reference signatures; and 

a receiver monitor (12), the receiver monitor 
being located remotely from the reference signature 
processor (38) and induding 

reference signature receiving means (16, 
30 106) for receiving the transmitted reference signa- 
tures from the reference signature transmitting 
means, 

sample signature extracting means (14) for 
extracting a sample signature from an oulput of a 

35 tunat)le receiver to be monitored, the output corre- 
sponding to a channel (34) to which the tunable 
receiver is tuned, and 

conelating means (104) coupled to the refer- 
ence signature receiving means (16. 1 06) and to the 

40 sample signature extracting means for correlating 
the sample signature and the reference signatures 
substantially in real time in order to determine a tun- 
ing status of the tunable receiver. 

45 49. The tunable receiver monitoring system of claim 48 
wherein the reference signature transmitting means 
(48) transmits the reference signatures over the air. 

50. The tunable receiver nrontoring system of daim 48 
so wherein the reference signature transmitting means 

transmits the reference signatures over a cable. 

51. The tunable receiver montoring system of daim 48 
wherein the con'etating means (104) is arranged to 

55 sequentially correlate the reference signature with 
the sample signature substantially In real time. 
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